In patients with hypertrophic obstructive cardiomyopathy obstruction to left ventricular ejection varies from moment to moment. The pressure gradient can be increased by amyl nitrite, which lowers peripheral resistance (Braunwald and Ebert, 1962; Wigle et al., 1965 ; Hancock and Fowkes, 1966) , or can be reduced or abolished by systemic vasoconstriction with phenylephrine, methoxamine, or angiotensin (Braunwald and Ebert, 1962 ; Braunwald et al., 1964a; Wigle et al., 1965) or by aortic constriction (Pierce et al., 1964) . Inotropic agentsdigitalis and isoprenaline-increase the obstruction by increasing the vigour of ventricular contraction; this effect can be prevented by drugs which block the sympathetic beta-receptors (Braunwald and Ebert, 1962 ; Braunwald et al., 1962; Harrison et al., 1964) . Reduction in circulating blood volume and the Valsalva manceuvre reduce ventricular volume, increase contractility, and increase the obstruction (Braunwald et al., 1964b; Marcus et al., 1964; Shah et al., 1965a Shah et al., , 1965b (Sharpey-Schafer, 1956). We have therefore studied the effect of this manoeuvre on the systolic murmur in 11 patients with hypertrophic obstructive cardiomyopathy, and report the results in this paper. This effect has been compared with that from eight patients who have fixed valvar aortic stenosis and five patients with mitral incompetence, as the murmur in these cases may resemble that of hypertrophic obstructive cardiomyopathy. In addition, to help us in assessment of the mechanism of squatting we studied the effect of this procedure on the murmur of pulmonary stenosis.
In patients with hypertrophic obstructive cardiomyopathy obstruction to left ventricular ejection varies from moment to moment. The pressure gradient can be increased by amyl nitrite, which lowers peripheral resistance (Braunwald and Ebert, 1962; Wigle et al., 1965 ;  Hancock and Fowkes, 1966) , or can be reduced or abolished by systemic vasoconstriction with phenylephrine, methoxamine, or angiotensin (Braunwald and Ebert, 1962 ; Braunwald et al., 1964a; Wigle et al., 1965) or by aortic constriction (Pierce et al., 1964) . Inotropic agentsdigitalis and isoprenaline-increase the obstruction by increasing the vigour of ventricular contraction; this effect can be prevented by drugs which block the sympathetic beta-receptors (Braunwald and Ebert, 1962 ; Braunwald et al., 1962; Harrison et al., 1964) . Reduction in circulating blood volume and the Valsalva manceuvre reduce ventricular volume, increase contractility, and increase the obstruction (Braunwald et al., 1964b; Marcus et al., 1964; Shah et al., 1965a Shah et al., , 1965b virtually abolished when the gradient disappears (Goodwin, 1964; Nellen et al., 1965) (Fig. 1) , thus reflecting the haemodynamic situation. Squatting provides a simple bedside method of acutely increasing venous return, effective filling pressure of the heart, stroke output, and systemic arterial pressure (Sharpey-Schafer, 1956 ). We have therefore studied the effect of this manoeuvre on the systolic murmur in 11 patients with hypertrophic obstructive cardiomyopathy, and report the results in this paper. This effect has been compared with that from eight patients who have fixed valvar aortic stenosis and five patients with mitral incompetence, as the murmur in these cases may resemble that of hypertrophic obstructive cardiomyopathy. In addition, to help us in assessment of the mechanism of squatting we studied the effect of this procedure on the murmur of pulmonary stenosis.
Patients and Methods
In 11 patients the clinical diagnosis of hypertrophic obstructive cardiomyopathy was confirmed by cardiac catheterization cineangiocardiography, and the dynamic response to manipulation of the circulation by drugs affecting the severity of the left ventricular obstruction (Braunwald et al., 1964a) . The peak systolic pressure gradient between the inflow and outflow tracts of the right ventricle (intraventricular gradient) was measured. Mitral incompetence was assessed on cineangiocardiography.
The clinical and haemodynamic features in each patient are given in Table I . In one patient (Case 10) the diagnosis was made on clinical grounds and by the typical response of the murmur to vasoactive drugs (Nellen et al., 1965 Fig 2) . In Case 10 the -systolic murmur softened slightly-this patient was on a full dose of propranolol. In Case 11 the response was variable. The first heart sound usually softened and broadened.
The second heart sound was unaltered or increased slightly in intensity. A fourth heart sound was recorded in five patients while standing. In three it moved towards the first sound, while in the other two there was little change in relation to the first sound on squatting. In no case did the murmur intensify.
In our studies of valvar aortic stenosis we found a similar increase in blood pressure and bradycardia, but the systolic murmur increased in intensity and length in six of the eight Fig. 3 ). In the other two the change was insignificant. These two latter patients had poor left ventricular function as assessed by an elevated end-diastolic pressure in the left ventricle, left ventricular pulsus alternans, and an enlarged ventricle contracting poorly at cineangiocardiography. In five patients with rheumatic-mitral incompetence the systolic murmur increased definitely but slightly on squatting. The third heart sound and mid-diastolic flow murmur also increased in intensity (Fig. 4) . In three cases the systolic murmur of pulmonary stenosis intensified appreciably on squatting (Fig. 5 ).
Discussion
It has been shown (Sharpey-Schafer, 1956) Schafer, 1955 Schafer, , 1956 ). This has been confirmed by iuency Brotmacher (1957a Brotmacher ( , 1957b , who also demonstrated an increase in right atrial and pulmonary capillary wedge pressure when patients squat in the lying position. However, simultaneous oesophageal pressure was not measured in his cases.
Similar studies by O'Donnell and McIlroy (1959) confirm Sharpey-Schafer's findings. They also showed that when subjects squat in a swimming-pool, so that the effect of gravity is removed, the haemodynamic response does not occur. A sudden increase in venous return and effective cardiac filling pressure would appear to be the cause of the increase in intensity of the systolic murmur in our cases of pulmonary stenosis. Increased peripheral resistance would not be a factor here. Our findings (Braunwald et al., 1964a; Shah et al., 1965a; Mason et al., 1966) . With a larger intraventricular volume, the gradient lessens so that the stroke volume and mean arterial pressure increase. Though " contractility " may be enhanced initially, this is overcome by the increase in ventricular dimensions which reduces the degree of obstruction. An additional factor could be the baroceptor response to the raised arterial pressure and peripheral resistance leading to bradycardia and reduction of left ventricular contractility-a negative inotropic effect. A similar response to induced hypertension occurs during phenylephrine infusion, which diminishes the murmur of hypertrophic obstructive cardiomyopathy (Harrison et al., 1964 ; Nellen et al., 1965; . These three factors-increased end-diastolic volume bradycardia, and reduced contractility-reduce the abnormal dynamic obstruction in the left ventricle. The systolic murmur, reflecting the intraventricular gradient, softens.
The murmur in hypertrophic obstructive cardiomyopathy can possibly be attributed to two other factors, obstruction to right ventricular outflow and mitral incompetence.
In the present group of patients systolic pressure gradients within the cavity of the right ventricle were too small to account for the significant murmurs. Criley et al. (1965) suggested that the murmur is due to mitral incompetence from abnormally aligned papillary muscles in the small end-systolic cavity. We have assessed the degree of mitral incompetence from the cineangiocardiograms of our patients. In each patient reflux of dye into the left atrium was present, but this was often observed during diastole or during ventricular premature systoles, so that the degree of true incompetence was difficult to estimate. Our studies, in patients with hypertrophic obstructive cardiomyopathy, of the simultaneous response of the murmur and the pressure gradient within the left ventricle, recorded during manipulation of the circulation, indicate that the intensity of the murmur is related to the pressure gradient recorded (Nellen et al., 1965) . This suggests that the intraventricular obstruction is the most likely cause of the murmur, though mitral incompetence from abnormally aligned papillary muscles cannot be excluded.
The hypothesis of increased venous return can also explain the effect of squatting on the systolic murmur of aortic and pulmonary stenosis. This increases the stroke output of the left ventricle, more blood is ejected through a constant orifice per unit time, the velocity of flow is increased, and the murmur becomes louder and longer. If ventricular function is compromised, however, the stroke output increase does not occur (Thomas and Shillingford, 1965) . A similar mechanism may apply to rheumatic mitral incompetence.
The augmented venous return increases forward flow across the mitral valve, and hence the mid-diastolic flow murmur and third heart sound increase in intensity.
The systolic murmur also increases slightly in loudness.
The softening of the murmur in squatting is thus a useful bedside test for recognizing hypertrophic obstructive cardiomyopathy. It increases significantly in intensity in the majority of patients with valvar aortic stenosis and slightly in mitral incompetence. When a shunt has clotted, declotting is necessary. Both events must be assumed to cause damage to the cannulated vessels. The clot causes anoxia to the intima, and the declotting procedure may traumatize the vessels. In addition it exposes the cannula site to the risks of infection. The risk of serious complications due to embolism appears to be slight. Clots are often released into the circulation at this procedure, and, despite the frequency with which it is carried out, there have been only isolated reports of collapse (Sokol, 1964) and of infected pulmonary emboli (Pendras and Erickson, 1965) . Death has occurred on three occasions, each in a different unit, after declotting of arterial cannulae. Each patient became deeply unconscious after the procedure and some cerebral incident seems to have occurred. In our unit declotting is not carried out by the patients themselves and therefore they must come to the unit when they find that their shunt has clotted. A clotted shunt induces anxiety in the patient, for it is often the first of a series of clotting episodes and may be the signal that the cannula is coming to the end of its life. The significance of the loss of a cannula does not escape these patients. Clotting episodes place demands on the staff " on call," and the incidence of such episodes dictates in part the staff requirements for these units.
Long Methods Anticoagulants are not given to any patient until a clotting episode has occurred. Therefore, after their original cannulation the patients are included in the untreated group. When a clot occurs oral anticoagulants are begun. Warfarin sodium is used and the prothrombin time is kept at 1.5 times the control time. Prothrombin times are estimated by Quick's one-stage method with the use of lung thromboplastin (Geigy). A loading dose of 30 mg. is given and 48 hours later a maintenance dose is prescribed. The maintenance dose required by our patients is in the range of 3-12 mg. a day. During the first 48-hour period 5,000 units (50 mg.) of heparin is injected six-hourly by the patient himself into the shunt through a medicated sleeve described elsewhere (Evans, 1966) . If further clotting occurs despite adequate anticoagulation, a venogram is obtained.
If there is reason to suspect that the arterial cannula is at fault -that is, poor flows during dialysis without high pressure in the " venous " line-an arteriogram is also obtained. If angiography shows an obvious cause for clotting or poor flows, then surgical correction is necessary.
Because of this method of selection the treated group is made up of patients who have shown themselves to be at risk, and therefore includes patients whose cannulae have already been damaged by at least one clotting episode. The untreated group is made up of patients whose shunts have never clotted, and also includes those patients whose anticoagulants have been discontinued.
